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DESCRIPTION 



MAGNESIUM; HYDROXIDE , . COMPOS ITE MAGNESIUM HYDROXIDE- SILICA 
PARTICLE, METHOD FOR THE MANUFACTURE THEREOF, METHOD FOR SURFACE 
TREATMENT THEREOF, AND RESIN COMPOSITION AND ELECTRIC CABLE 
MADE BY USING THE SAME 



FIELD OF THE IN^NTldN 

.This ihvehtidnrelates to magnesium hydroxide, composite 
^ > V f ■m^im : ^Mi^^0 , ^im»i «^od for .the iS ■ 
v':, . . ;:-^^#^\'^i^|V s .^^|^;^lv the surface tt.ea.taaeftt . thereof and 
resin composition and electric wire or cable made by using the 
. siuiie^ M^e particularly, it relates to magnesium hydroxide 
• apd composite ^^ties^Li5rp : h^r oxides silica particle which c«|n 
r • r r©|^ and 'el'ectf i^- .wi^^Sr 'c^bie ^fdh^c' 

excellent in flame retardancy and good in wear resistance' and 

l ; , ; :}k^0^ v/ir.ej or c^l^4|[^.- 

1 " ' ;?^j|f^ ; '; X ^yK- * ; •■*>■;. '. ,\ " V \' . . " z^/; 4 ::,:. ... 

BACKGROUND ART 

use as an which ; ij^ . nontoxic, einits 

;;6nly a si^li'^cumt of smoke and is non-corrosive/ in the 
t^Qh^icai f tel'd of resin composition, such as coating material 



* 



for electric wire or cable, instead of a customary halogen-based 
flame retardarit (see, for example, Patent Document 1) ♦ The 
diameter of magnesiijm hydroxide particle is, however, usually 
10 urn or above and magnesium hydroxide particle having such 
a diameter present a problem, as they are not satisfactorily 
dispersible _in a base polymer, but lower the mechanical and 
folding properties of a plastic compos ite containing magnesium 
hydroxide , v : 
More^v^ 

at s a concentration as ,ha.gh as about 60% by weight in brder to 

^$tt a^tiiigh ^ncentr^ti^ a problem, 

(see, for 

ex^gVe, . Patent ' fhcu^&rit M) ■ This is dueTto a reduction in 
> : Jm : BfM^ o^ Jhe pqU^er i}y the.jaddi tioii b f a ; lar ge 
amount of i^^e^si^utt hydrpkide £nd the ^dWophliic 
: magn.esrom hydroxide, it s^ If /; ;. , % . ; - V'. .... / 

; ^R^l, *Q f hyi^p^hobic 

or ,mix Paribus Hihds of ^si^t^Sil^ 
to %he.x&y£eQuc&pik amount of ma^esium hydroxide to be added 
• (see, for example, Pat ent Literature 3) No siich attempts have, 
however ,.;iaade impossible to obtai*i ahyj^ul ^s^^^:^^^^^.^ 
composition; . ' . ' \i " : ' 

. [Patent Document 1]/ 
JP-A-2000-63583 (pages 1 and 2) 



J 1 
#♦ » 

[Patent Document 2] 
JP-A-2001-288313 (page 2) 

[Patent Document 3] r . 

JP-A-2O02-128966 (pages 1 and 2) 

We, the. inventors of this indention/ aim at solving the 
problems of the prior itt%^^^€^^ovk and providing m^gitesium 

• whi oil c ciri ma k*e . r4sin coii^o^ition ithd electric wire or • cable 
vrJijL<?fe ^ : ^r^.:^p;§ll€^t ir in Jfjame ..se1:ar,c^i^y/:and.tgQ-04-. in wear 
;^?ii^|^ ^ ^ 

method 'tp^ -the iuariufacture /therepf \ method, for the surface 
a >£^ composition, and : eiectric wire or 

caJ3le^ mad^v ; 4>Y ifsittg vtfie, same-; ^ 

7"-:/. - - - /- k^^ the 

*:fpr*^^ th^^M^L itf^be : ;6btaine^7 

^ ^^1^1^ ^di-dxid^ / 

and that the co-addition of silica particle to a r^sin 
composition: make* it sufficient to add a smaller amount of 

mk^.#^^^ -^L- t _ : : .... 

•; Thus / thig^inY^Ti^ is of the institution as set forth 
below, - . 

- • ; . 3 



(1) Magnesium hydroxide characterized in that it is 
synthesized by the reaction of a magnesium salt and a metal 
hydroxide. 

(2) Magnesium hydroxide according to the above (1), 
characterized in that the magnesium salt and metal hydroxide 
are reacted in k tempter^tur^ rairige of from 10 to ldd^c. 

(3) Magrhesitun hydroxide according to the above (1) 
characterized by; a part a range of from 10 rim 
to 10 ijiM, ■ . : ' 

1 4 J: ' MaigrrasaM li^roxM^ ^Gccitdihcf to the above (1) , 

sti^tace treated with a reactive 

' * ti^g^sii^ the above (4)> 

J :GS^%G;te^l ^ with; its 

(6) ttagnesium hydroxide according to the above (4), 
characterized by having its surface treated with a solution 
pontaining . the -reactive silicones 

(7) Magnesium hydroxide according to the above (4) , 

characterized in that an aiaount of surface treatment is from 
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1 to 2% by weight. 



. * •• (8) A method, of loanufacturing magnesium hydroxide, 
characterized by reacting a&agnesium salt and a metal hydroxide . 

(9) The method of manufacturing magnesium hydroxide 
accprdihg to the. above (8) , characterized by reacting the 

[^f^l^t^Xj^^P^^ m . 4 ^^^^aturje range of 
"from 10 to 100 °C- ' 

> . -£v9 I- Me%h>QdL of n^uf actur hydroxide 

accprding^t^ { 8 ) , £h.s£a^ particle 

^^rn^^r of \roa^e^ is.^ in the range of 
f^m^l^im -tp* ^O/jim-i.:^* ■ ■ ' 

.;. \~ .\ jiK). A" db^^o^ite' x^gftes'iu% hyciroxi^-silida^ p^£;icle 
^:^^^il^|fei^x^ that ,i^ :^s5^o$^a& magnesium 
:^|I^^nd ^ jovial fey^ . 

~ (i| ): & c ompo s it e . ;magn e sium • hydr 6k id^s - si 1 i e £ particle 

characterized in that it is obtained by mixing a dispersion 
after synthesizing magnesium hydroxide by the reaction of a 
/ma^esii^ .salt^ a^nd a metaly^ a f t^r. 

synthesizing silica. 



(13) A composite magnesium hydroxide-silica particle 
characterized in that it is obtained by mixing magnesium 
hydroxide and silica mechanically. 

(14) A composite magnesium hydroxide-silica particle 
characterized in that it is obtained by forming magnesium 
hydroxide and silica into a slurry with a solvent . 

(15) The compo si t e magne s ium hydroxide - silica particle 
according "to i^e above (11) or (12 ) \ char acteri zed in that the^ 
^W*esium $f \& andmetal hy^oxide are re^cfceid in temperature 
ra^ige Vof from 10 Jfeo 100*c 

; •: V ^ hydroxide- silkca particle 

r - f0€^W^^T^P^' the ; above' 112) to (14 ) , chara^t^riz^d 
riiy : a - parfiGi ^ .m^he rahg^ of f torn 16 nM to lb wti. 




;f?^¥^^?f W e of th « above (.12) to (14) > 

3§a£3^ its surface treated witfr a-ireactive 

silicone. 

- :<"i\?JL Th^i cpm^ps i t e. ma4ne s ium hydroxide-silica particle 
according tp.tjie>bov,e (17) characte ri zed by its, surf ace treated 
simultaneously with its manufacture. " 



(19) The composite magnesium hydroxide-silica particle 
according to the above (17), characterizedby its surf ace treated 
with a solution containing the reactive silicone • 

(20) The composite magnesium hydroxide-silica particle 
according to the above (17) , characterized in that an amount 
of surface treatment is from 1 tb 2% by weight:. 

• (21) A method of manufacturing composite magn^siiW 
'fiydroxide-sCil^^ by- reacting a . 

the presence-of ; ^ii^a 

particle. , v ' ' 



(22) Amet&o^ ma^g^siuia . .. 

dis- ■: 

version aft er s^-^^ by the reaction 

st-^ &2^£sii^ 



v ' (23) A metthp^ , 
hydroxide-silica particle, characterized by mixing magnesium 
hydroxide arid silica mechanically. 

(24), A ^t^od pf ^ah^fe 
hydroxide-silica particle, characterized by forming magnesium 
hydroxide and silica into a slurry with a solvent. 



(25) The method of manufacturing composite magnesium 
hydroxide-sil^ (21) or (22), 
characterized by reacting the magnesium salt andmetal hydroxide 
in a temperature range of from 10 to 100 Q C. 

(26) The mefehod Of ii^ 

^^^^^^^^M-^ .g^'fexcl.b according any one q£ the above 
(21) to, (24) ,/ char aciteri zed in that a patticte dia&eter of the 
cqm^sile fia<^j&^ h^ range 
6£ £x<m li0 nm to JJJvjpi. 

V (27) A method of surface t f e^tmiant; characterized by the 

V : ^; - ., J, if$t Tl*e i^$£oci. of sui£ac^ ^reatmi^nt ^^ordihg to the" 

-^f^l^ *he; ;sj^th^sis ir^JS^ct^ of 

M^§^^ fey^O^lie or composite ^£pe $ iuia ii^r ^i^e - si f ica 
particle. 

(29) ^the .method: of surf ace ^reaiaienfe according to the 
mm*: r (?7 ) / • characterized in that /th4 surface treatment is 
performed with a solution containing the reactive silicone. 



(30) The method of surface treatment according to the 
above (27) , character i zed in that ah : amouht of surface treatment 
is froirt 1 to 2% by weight. 

(31) A resin composition characterized by containing 
magnesium^ to kny one of the a£>ove (1) to 

. VI' M ac- 

cording to aiiy one of the above ( 11) to ( 19) and a resin . 

- ^ ^bm^si^ic^ chst racterizect, iy^<j&tal^n§ 

magnesiuin faydxbxid^ ^ar a silica partible! and/ a r^siri . 

^ y ^l|/ffe;^in ^o^^afcibh according to the. above ( 32V, 
surface treated. * 

su^^g^ r .f v: .>.; 

(35) The resin composition according tb the above (33) , 

.^h^acte^4«4-4 : n cWv-*a|aQiM^ -of sjur^a^e' : 1^e^tm^iit is f rom 
1 to 2% by; weight per raa|^sisi hydroxide. 



(36) The resin composition according to the above (32), 
characterized in that the magnesium hydroxide particle is of 
magnesium . hydroxide according to any one of the above (1) to 

(7) . " .' • 

(37) The resin composition according to the above (32) , 
characterized in that the silica particle are of fumed Or 
precipitated silica. 

.C3'fii.) • "f he^rifeljln' cjo^'dsition ^ceoi:<^:ng to th$-.j^ve (37) > 
characterized in th^t tiie silica particle is b^f f^edCsilica. 

fhe : res^ ^^ (32), 
eK^ct^ £t I siar f a«e treated 

• .wi : f ^r-a^ \g£6£p v " * ' " \ : ' ' W--" .' i ' . " 

V — '*■ J^e^s^L ",^^oiitp,b^s'itt "i n. ^ a c c o r ci i ri'cj t*cv "t tie - 3 1) o\r e> ( 32 ) ^ 

(f 1) The resin composition according to the above (40) , 
characterized by containing from 2 to 20% by weight of silica 
particles. , . - \l 



(42;) •The -resin composition according to the above (31) 

or (32) , characterized in that the resin is low-density 

10 



polyethylene. 



(43) An electric- wire or cable having a sheath layer 
formed -from a re kin composition according to the above (31) 
or (32) . 

As it is synthesized by the reaction of a; magnesium salt 
aAdametail^^oxid^ this invention 

h£s a particle diametet in the range of from 10 nm to 10 pm 
which; i£f^ a base 

polymer and ^ molding pro^rti^ s . 

<^-£ny plas^^ magnesium hydroxide. 

The r;&$i^ 

p^^ie$e y ' 'S^esi^I ;S r &^i^sf^^ot:y^±n flame 
. .Mff^^^^i^fh'* ^^i ^J^^^i^^^^x^^^ ebht ent' ma y 
'•Py weight or iowej?, anil as its .magnesium hydroxide content is 
"?l§£'t^^^ it does not 

■W*fe' i'ts fiieQtoiGai;^ 

its, •■yield : -s-ferte,ngth> elongation, etc. improved. 
'•• •' • ■ jXltfi^ugfi ,the reison for'tiie improved flame -retardahcy 
Of the resin con^osition oohtainiiig a relatively small amount 
of magnesium hydroxide is not clear, it is possible that the 
silica particle di spiers ed:in the . re s in may- hinder the mpvement- 
of the polymer (re^ of t ^ resin 

composition, thereby preventing dripping and improving the 

flame retardant effect of magnesium hydroxide. 

' 11 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a graph showing the flame retardancyof composite 
sheets containing magnesium hydroxide and various kinds of 
silica according to Example 2, Fig. 2 is a graph showing the 
relation .between the silica content of the composite sheet 
* containing tta^^siuiii hydroxide and silica accordingr to Example 
2 ^'^^^^^/My^L^^^^^^'^ ?ig^ 3 is a/ graph showing the 
relation ^etweeii the silica content of the composite sheet 
, cprit ainin^ and si 1 i ca according to Exiairiple 

'^^^y^^^f. • e^p^gifeipn- f ft^yii^^" - at is a graph 
- showings m$ results covering the eipngatibil and dxygeri index 
r of^q^ofLW 

-having its surface treated with various kinds of compounds, 
"KEi^i4:| rMfM'ig^0p. Showing vipe " 'r^ut^si^j^^^ thV ^ghesium 
hydroxide content* of each LDPE/Mg (OH);2 composite containing 
■magnesium hydroxide having, /its "surface treated and its 

^7 : ?IIhglte^ 

7 • ; ; 9^verin^ tih;e amount ©f ithe agent used for the surf-ace 

... eoHtaihirig maghesiufii 

hydroxide having its surface treated and its -elongation and 
oxygen index. ' • 

BEST MODE FOR CARRYING OUT THE INVENTION 

The invention will how be described in detail. 

The method of manufacturing magnesium hydroxide 

12 



synthesized by the reaction of a magnesium salt and a metal 
hydroxide is preferably carried out with an aqueous solution 
containing the magnesium salt and metal hydroxide in a molar 
ratio ranging from 1:1 to 1:0,5 (magnesium salt : metal 
hydroxide) , In the event that the metal hydroxide has a molar 
ratio oyer 1 to the magnesium salt, it is likely that some metal 
hydroxide may r eiriairi in the re act ion system and adversely affect 
the ^op^rti^g of the product in; use. In £h$ event tSat it 
is less than 6.5, it is not only likely that maghesium;^yd^xad^ 
may have,Ja large: partis but it is also likely that 

its yi^cT^ ; 

, xe^t^ion is pref erably daused tb take place in ah 
aqu^o^s -solution hav^ :^ ^concentration Of from 0.1 to 10 
moles^l In the event 

that the ^^^eh^af iofe of ^he aqueous solution is below 6> 1 
iaolei/li:ter> it is ilikeiLy that the ainqiint; of water whiqh is used 
i^y be^o,:!^ the time for t reagent 

kay tp^i©^ ihilthe 
eye^. ; t^ it is likely that -the 

aqueous sol^^ operating 
efficiency adversely. 

It is possible to obtain Magnesium hydroxide by removing 
any exce^iv^^ipn ifroiii £he - ;r^tioh ■ gr^uct antf : dry:i^ 

As .to a method o any excessive ion/ there is 

no particular- limitation, but it is possible to employ a method 

using a centrifugal separator, a press, an iohpermeablemembrane, 

- " 13 



an ultrafiltration membrane, etc. 

As to a drying method/ there is no particular limitation, 
but it is possible to use appropriately any known method, such 
as oven drying, spray, drying, slurry drying or Agglomaster 
drying. 

Magnesium hydroxide synthesized as described is very 
fine and can improve mechanical properties, wear resistance 

i*tkrdttcji by fpriaing a coinpo^ite with a resin. 

.- ' * _ * - t . ■ v* • .... ' 

The following iiiethods can* be mentioned for forming a 
compQs^fce^Q-e Tm^gi^$ium hydroxide and silica: 

1) -;. ;. ^i^t^odt . ±p . silica particle is v a<^ed x^^ng the 
sysnthesis of magnesiiiia hydroxide and they are. dri ed together ; 

2 ) ; A method in which a dispersiop containing ; magnesium 
hydroxide as syntnesizea is mixed with a dispersion containing 
■■^^^^^ - : ^^0$^§^^<^' and" ;tKe mixture" is dried. ;: '•" 

A Method id which magnesium hydroxide and siiica arfe 
■•J^S^ : .4li!l^^^r^tt%^anieaXlyi • ; ; : -; ! " V ' - : - ' 

• ^l ; . ; 'A »e thpd "in. wHiiih magnesium; hydroxipe;- and ; V^i ±ca ' are 
formed: M.^P ars lyr ry by a solvent: and ; : the slurry" is ; dried, 

v . . As regards the method 1) , silica or an aqueous solution 
thereof is" added to an aqueous solution of a magnesium salt 
or. a.raeta^ : hydrpxide or both, a^rea^^n^s caused 1 tb^ke : pl;a<5# 
in. accordance with the method; of •synthesizing' magnesium 
hydroxide as described above and the reaction product is dried. 

There . is no particular limitation 'as to the particle 

14 " . 



diameter of silica which is added, but a range of from 1 nm 
to 1 pm is adequate in view of the later formation of a composite 
with a resin. 

As regards the method 2) , silica or a dispersion thereof 
is added to a dispersion containing magnesium hydroxide as 
synthesized, and the resulting product is dried. 

T&ere is. no pai-ticul^r limitation as to the particle 

diameter of silica whilqh is ad^ed, but ,a; range , of from 1 . nm 
to 1 ym ^ adequate in view of the later formation of a cbmpbsite 
with a iesin. . . : 

;can be,mi%f^^ su^ a S a ball .itfiiiy 

4£ ^tri^o^^ ah Agglbnias ter , a j et mill 

or a counter 3.et mill ^ "f ' 

' * : "^t'.ils 'e-cplil . to; th£ rae£hod'£)- ; 



if coinm^rcia hydroxide other than 

as a raw^mafcerial, 

*j^£adt^ );; tp,;4 ). arid'are4|i the • §h |£e 

of fine- sii^ca-particles adherirxg to magnesium hydroxide in 
a surrounding way . 

The magnesium salt used for the purpose of this invention 
is not part;i^la^ bu^^^p-; G hib f 05 : 

example, p^eferxjed^ : . v V ■■ 

The metalhydrpxide used for the purpose of this invention 

... .* 

is not particularly limited,, but sodiumhydroxide is , for example, 

. IS • 



preferred. 

The magnesium hydroxide particle and composite magnesium 
hydroxide-silica particle may have their surfaces treated* 
The substance given to the particles by their surface 
treatment is not particularly limited, but a reactive silicone, 
stearic acid, etc* can be mentioned* 

•_ The reactive silicone i£ not particularly limited, but 
it is possible £<> men^ipri^ ;^pjp v sHaKd%. dimethyl silicone. qxl r 
methylphenyl silicone- oil, methylhydrogeh silicone oil and an 
organic modi fled silicone', oil having a functional group, such 
an Miinp, ^poxy,. carbdxyl, ;c*rblndi, -sllanol, -methaerylv 
merc^p^pv or phenol group, 

• V ; : The reaptive silicones have their own ^f unctionki groups 
l^fcov^ Q f magne^iA™ hydroxideV hes^ 

^iiMP^I %lsb serve; tp j forming 

- ^ glass ; cbnst itueSt. : ( SiQz ) when baked. ; ; 

surface 

■;. . .-; . :; 

A These methods are, foi example, employed: 

1) A method of surface treatment made' simultaneously, with 

tlie .synthesis .p.f--par:tlcle-s,. . — 

. A ^ethqd An which after the reaction for the synthesis 
of particles and- the removal of any excessive ion, a surface 
treatment agent and a solvent are added into a dispersion and 



after drying, they are caused to undergo a reaction in a range 
of from several minutes to two hours at a temperature of from 
100 to 200°C 

2) A method of surface treatment with a solution. 

A method in which particles are impregnated with a 
solution ! containing a Surface treatment agent and. after the 
Wf P^^^vS^ cpvered with, the surface treatment agent, 
they are dried arid caused to undergo a reaction iii a tarige of 
from several minutes to two hours at a temperature of from 100 
fcp; 2C|0 9 C/ £>r ; f;;m!Bthb4 in which, the par^cles ^caused po /p&ks 
through a mis t of a solution cpi^airiir^g k surface treatment 
&&0k are dried ahd|pku^d: to undergo a reaction in a range 
"O^Jroiii seiveraO: minufces'to ^wp hou#s at a temperature of ; from 

; i|^Vfco:* ^p^.*- -rr^/S^ '' ^ r*.- " V." ' ' -'. ' ' ' ' 

?>"■;; The ^bunt^of .this surf ace Patient; agent relative to, 

m£^es:p^ limited, but is 

^£ng^||i^ which it is used a-s 

w4*|l fee described/ more pref erably in the range of f roii 0 . 5 
to 5.0% by weight and still ; more preferably in the range of 
from 1 to 2% by weight, 

< . The amouxit^qf: *he -*5ur£ aegr? t^at^i m^gnes iui^ hydr ©xi*|.;e A 
which the resin^o^ fc e described is 

not particularly limited, but is preferably in the range 9 f 
from 30 to :40% by weight. 

17 



Description will now be made of a resin composition 
containing magnesium hydroxide particles, silica particles and 
a resin*. 

The magnesium hydroxide particle used in the resin 
composition containing magnesium hydroxide particle, silica 
particle and a resin preferably have their surfaces treated 
as stated above arid more P*efer^ treated 
with stearic acid. 

tfie silica particle used in the resin composition 
c<?nt^ir^ p^irtic^ sliLiek particle and 

^ resin are not particularly limited/ tut while they may be 
pf either fumed or precipitated silica/ fxbne silica is preferable, 
,a3 its particles are very f ine and we i 1 diapers ible in the resin , 
Th£ particies pref era&iy - ha^ ^fcheif iur faces treated 

with a me thyl group ( CH 3 g^oup) Jhe use @f fuiaed silica having 
:-^%^l**?^ ted with ^ a methyl groiip ac^eves an improved, 
a^^sion^ Between the resin and' ^siO?^ 
^r^af^^^yy;;^- 1 ; • v:' -\ ; .; 

... • > ^ei contents of magnesium hydiir©xi^*#«H ' silica particle 
in the resin composition are not particularly limited, but may 
be selected so that its mechanical and molding properties may 
•^no^bejlxD^ ^ thepqiy^r relative 

to the magnesium. hydroxide and silica particles, and so that 
sufficient flame re^ardancy may be imparted to it/ though the 
total of magnesium hydroxide and siliea particles is preferably 



in the range of from 30 to 50% by weight and more preferably 
in the neighborhood of 40% by weight. 

The content of silica particle i-s preferably in the range 
Of from' 2 to 20% by weight and more preferably 5% by weight. 

As to a method of manufacturing a resin composition 
containing magnesium hydroxide, composite magnesium hy- 
droxide-silica parti cie s; or silica particles, and a resin (a 
MMh^?Mi9^^^ 5^posite of particles, and ^ resin) # there 
"is no particuiar ; limitation, but it is possible to us4 any 
coi^only us!ed .processing ^chihey such as a ^win-roll ^11 

or ^win-screw to ; "t 

• • ^ v Ss 4g £he r^sihous material us;eci in a r^sirr vcp^ds-itidh 
^<^*#n:^ ; 

-f^*''^^ (FVG-) >. /polyeth^ /; ; 

ethyienee^thyl. ,acrylat-e eopoliraer ; 
acetate copolymer (EVA) , : polyether sulfone (PES) , polyimide, 
polypheriylene sulfide (PPS) , polyether nitrile (PEN) /an 

polybutyleneterephthalate (PBT ) , nylon 6 ( PA6) , nylon 66 (PA66) , 
nylon 46 (PA46) , nylon 6T (PA6X (HPA) ) , pblyphenylene ether (PPE) , 
polybxymethylehe (?0M) , polyarylate (PAR) , polyether imide 



(PEI) , a liquid crystal polymer (LCP) -, a cyclic olefin copolymer 
(COC), po lyme t hylpent ene (PMP) , a PP alloy, a PA66 alloy, 
polycarbonate (PC.) ,, acryl, silicone, an ethylene- propyl- 
ene-diefte terpolymer (fcPDM) , chloroprene, ur ethane,' chlo- 
rinated polyethylene, nitrile or nit-rile rubber (NBR) or a resin 
or rubber obtained by combining two or more kinds of such resins 
or rubbers..',. , ' 

. . ^^S^.4^^S!'©f tfe^- ene is px<?ferre.d as the resin used 
in a -r es.in composi tion eon 

sili/ca particies ' and a resin . "". . .' " .'."* ' 

»v. - :•- ^^^^i '^^f^^^^zi^y pS adde^ to the .resin . competition 
containing niagnesium hydroxide, composite magnesium hy- 
^^^^^ -^iiica pa^ic^e s^or si 1 ioa part i cles- and a it\\ The 
ad^iti^ but may be compounded 

a la^ant ^ ^ 

-. ^.A^dittivesV such, as' magnesium silicate and calcium : 

ach ie ve- ra cost r eciuc t i on / etc : . . 
EXAMPLES 

The invent ion. wi 1 1 n6w be described by examples, though 
this inve£fci^ r - - \. - 

(Example il 7 

A O •75 mo 1/1 iter magnesium chloride solution and a 1.5 

20 



*• * • 

mol/liter sodium hydroxide solution were mixed and reacted at 
60°C. Aa a result, magnesium hydroxide having a particle 
diameter of £x$m ' £p 150 nm could be obtained. 

(Comparative Example 1) 

Re -synthesis was performed from a magnesium hydroxide 

mineral (brucitel. The panicle diameter of magnesium hy- 

: 4*9$$* ^^MZM^i^mi, in ,t*e rariget qf from 500 tb 1500 

' : ' *nid'. '' ; ■; '['• '■■ ' V % ■■ • *' ■•, : 

rryy y - . : ^ : 

^ : :V . -§# p l- <■ 3^ ^QdjiGt: of Mrt sui : Chemicai havitig a denSi ty 
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Table 1 





Particle 


Bulk 


Surface 




diameter 


density: 


treatment 




(m) 


(g/ t ) 




Fumed silica 1 


0.012 


50 


: 


Fumed silica 2 


0*012 


50 


GH 3 group 


Precipitated silica 1 
Precipitated silica 2 


■■■ 

,..,,9-12.. 


120-160 




. .. , ' . ■ - — . — t i~ 'ir— \r^>~J T~r" -*''■'. \ "3 

A composite, §hee 


t was f ir$t 


formed by 


* 

melting the base 


.polioner j^y ^ans :<>f ^|/b i 


*olls havinc 




;jx£eo f ^roiiyL2p .* <C 


.to' 130 9 C, adding s£eqi3 


:i c fo un t s 


of laagnesi 


urn hy d£ oxide and 


vsilic^a thereto arid, kkei c 


Kiing vthem. 


The sheet .was placed in a 


f ^aiue^ mea sur ing ■ f50 ^mia 




1 or „ 3 ito 


ih .titi±-Q]laiesjt_ .jftiisl 


^--wa^s y i^iapr e s s ^rr#io^^L 


■^iptQ?a:^;aE 


^l^::shie^!t;. 


The molding- 
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of v prelimi 
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nary compression 
^ssion uncfer jl50 
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V as ito fiame: ^et^d^cy ;and : — The test 

specimen for f i^ie. peta out from a 

3 mm thick sheet and measuring 80 mm by 50 mm and evaluated 
for its oxyigen A^ 

a.Model P caridle^feyp^ Toyo Seiki 

Seisakusho) ♦ As regards the mechanical properties', a dumbbell 

■ . ... - f + 

#3 test specimen as specified by JIS K 7113 was punched out 
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from a 1 mm thick sheet and a tensile test was conducted by 
using a.Strograph R (product pf Toyo Seiki Seisakusho) . Bench 
marks haying a distance pf 20 mm therebetween were made on the 
central' portion of the test, specimen and its elongation at 
rupture was determined at a pulling rate of 50 mm/min* 

Fig. 1 shows the results covering the oxygen indexes 
of cpijippsite. sheets ii^ade._$y adding 35% by weight, of magnesium 

by weight of Varioiis kinds of^ silifeay : 

For ithe- s^e-of eomparison, it ai so shows the resets obta±n^d 
JKfe^^ weigtit , ' r ^^ly^.; pi Qi^ ^gn^^ 

^^f^^^^y^g its: ^^fap^ treated ^ 

- ad^^ta LDE>E . According: to ..these C're suits hd^er' oxygen 
^P ( ^*e?^ftd i?n|^Y^ a- part 

.;p^^g^ps^5ffl. hyd^ repliaced.by ! Jsi-^ca/^tKih^^n only 
: ^^^k^^j^i^^jdfx^ was add^d:^ ,^his ; ^s^alt ^as ^i^^ding 

^r^t^d/^ith a _6 ft) .group '.gave Will 'im^rb^ed f l^me^r'etikrdancy . 

; |^^g^u£^^4^ r 

eombi^ip^ thereby 
improving the flame retardant effect of magnesium hydroxide. 

•Qi), t^e-othe r hai^d/- ^^c ip^ated .'sl-1 l^;w^'^^Mk^^.y^ i^f ^i^or 
to fumed silica- in frame* retardancy because -or Its larger 
partricles* 

fitf. 2 shows the effect of fumed silica on the oxygen 



indexes of composites containing LDPE, magnesium hydroxide 
having its surface treated with stearic acid and fumed silica 
having its surface treated with GH 3 . The total amount of 
magnesitim hydroxide and fumed silica added to LDPE was 40% by 
weight in all of the cases. As a result, it was found that 
5% by weight of fumed silica gave the highest oxygen index . 
it is considered that when the amount of fumed silica was less 
J^!*^ iox. hindsetihg the 

movement of polymer during combustion, while the- addition 
of more than 5% fey weight of, silica made the relative amount 
9? in a: lbweted f iame^ 

retardant ef f eqt and . to increasedv:Oxygen index , - 

X H& • slipws vfche relatioii between the yield strength 
9%e%^*o£ the : cijpibs^Ees "and .its elongation; The addition 

and -l^^o^^ i^s ^Iprtgat^ibn. Particularly; . the ^elohgatioii - 
'e^pS*^^ -im^t ^veicieftt:; .Wiifr the addition 6 f C : a smal 1 

ial 16\^&g ^ith 

■^te^f f lf -of.^i±^ ^ddlfeiQn^; pjx^ ; yield s trength inc rea s ed : iti 
; :pz^^r^^^ This :is ; kpfa^hti^ 

due to the reinforcing effect of- fine silica particles dispersed 
in the polymer. 

• The f <?*€^ 

silica .haying l^s s^^ GH 3 was effective for 

improving t^e flame retardancy of the LDPE -ma gne s i Um hydroxide 

composite. It was also found to improve the strength and 
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elongation of the composite. 



Explanation will how be made of the results -of a review 
of the surface treatment of magnesium hydroxide. 

Fig. 4 shows the results covering the elongation and 
oxygen index of each of LDPE/Mg(OH) ? composites containing 
magnesium hydroxide having its;Jurf .^^.^Mli^ed-'Wi^h various 
Iciiids 6f compounds ^ 

Maghesiuia hydrdxide obtained in Example 1 had its surf ace 
^aafe^ with 1% l>y v/eigh^'^jf each o£ the doii^oxmds shown in 
4 -- Th^P^pppr jt; i<^ p£^g (0ij ), ? in. e^ch Itip&/faj0y z cdri^b si t^ 
w^s; 40% by weight. The methods det^^niM the elongation. 
■ 'pxygen index were as stated before r . 

y-^^t-diA^ 4.;, thfe surface 

parMpularly siM^n^ ptlsV i^i^v^ of the r 

;^^ppi^;(OH;) 2 csi^tfsp^ their 

K&^^ ^o0^i^6^ii% -(O^^l thre mq&t 

preferable of the silicphe oils aatM surf ape treatment agent. 

Fig . 5 shows the result s covering the amounts of magnesium 
hYdrpxide in LDPE/. Mg^op j ^ magnesium 
hydroxide having its surface, treated and .their, elpngatidnjs and 
oxygen indexes. Methylhydrpgen polysiloxane (MHS) which had 
be'en found as the most preferable by the results of the review 



shown in Fig. 4 was used for the surface treatment. The amount 
pf MHS used for the surface treatment of magnesium hydroxide 
was 1% *>y weight as In the case of the review shown in Fig. 
4. The- broken lines in Fig. 5 show the levels of LDPE to which 
no magnesium hydroxide was added. 

As is obvious from Fig. 5, an increase in the amount 
of ; maghesitua hydtpkide having, its surface ^rfeated with MHS 

t$ oxygen irigex of the;LDiE/Mg (OH).*2 
cb^osites and was: effective for - : 

re t:ar$£|i^ howeve^/ a downward 

^^c^i^^d ; wfth ;an ^c^^i^e, indr^a^ i^t^g^^g) 2 
ji^v^^ with JMfes . 

^rj0t:^0h: <^ui<i be reduced^ on the cp^pb$it^# cohtaih 

30 fo r 4 6% -by w^igfet of Kg (OH) 2 having its surface treated with 

having its^ur-f aee^ot treated . 'This.Iey^l^f T^p^glbngatioh; 
is- permissible for the use" of any LDPE material- and the effect 

<?* , the ; s^fepa;.?!:;^ 

" -,, 17 ^^$m^^^^^slm»s the; resiilts covering the^ amounts 

of the sur face treatment agent used for LDPE/ Mg (QH) ? composites 

containing magnesium hydroxide having its surface treated and 

, their .elongations, .and oxygen, indexes . H^feh-y Ihydrogen. • - 

Pplysiloxaiie (Ifiis ) which had been found as the most preferable 

by the results of the -review shown in- Fig. 4 was used for the 

surface treatment. The amount of Mg(oH) 2 having its surface 

26 



treated with MHS in each LDPE/Mg (OH) z composite was 40% by weight 
as found within the preferable range by the results of the review 
shown in Fig. 5; /. . 

As is. obvious frbm Fig/ 6, an increase up to 2% by weight 
in the amount of MHS used for the surface treatment brought 
about an improved oxygen index for any LDfiE/ Mg(OH) 2 composite 
ahd&a£ef f ective icfr4^i^^^'^s fX^^ r-^ta-rdahiy. In excess 

-result s Its e ionga:t ion ; was' improved with an increase u£ t:o" 
23 by weight in the amount © f MHS used for the surface tre a immxt f 
1^^3^o^d:\ a^ f SG^eWKa^t£ .:dr <yppi^ tf ^engy 

W' ^^M^t'm 1. to : 2% ^ by w^i^giit 

; is|pjc^ei^ble^^ 

ii$M^ : -;^: v "v/ : * ' : '; 3 .' V.; 5.;- 

"i s: ^^'th(?;§ i 2 e^By; the; reaction of -a inag^e3iuiAvsal-tV- 

of this ii^^i^rt 
: bf 'f rqM; 

^$J^ dispersibi^ -in ^^se^ 

of ;^y; pM^t^^ 

The r'esdh c6m|5osi : tibh containing magnesi ma hydroxide 

retardaficy eyen^ijf ;i_t^ nia|^e^ content- ^6% 

by weight or Ibwer/ and as its magnesium hydroxide content is 
hot top high .::$s compared with its tesin content , it does not 



i i* 

have its. mechanical or molding properties lowered, but rather 
has its yield strength, elongation, etc. improved. 
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